I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

The American Diabetes Association classifies type 1 diabetes mellitus (T1DM) into type 1A (T1DMA) and type 1B (T1DMB).\[[@ref1]\] The T1DMA is caused by immune-mediated destruction of pancreatic beta cells and is associated with autoantibodies targeting components of insulin-producing cells: Anti-islet cell (ICA), anti-glutamic acid decarboxylase (anti-GAD), anti-tyrosine phosphatase (anti-IA2), and anti-zinc transporter 8 protein (ZnT8). The T1DMA has a genetic predisposition, particularly related to some antigens and human leukocyte antigen (HLA) haplotypes.\[[@ref2]\] The T1DMB is a less common form of diabetes, where there are no markers of an autoimmune response against pancreatic beta cells or determined genetic predisposition.\[[@ref3]\]

T1DMA is associated to several autoimmune diseases such as Graves' disease, Hashimoto\'s thyroiditis, Addison\'s disease, celiac disease (CD), and pernicious anemia, which are more prevalent in this type of diabetes when compared to the healthy population.\[[@ref4]\]

The association of T1DMA with autoantibodies specific for different organs and tissues remains clinically controversial. There is no exact definition of how and when to screen for autoimmune diseases in these patients and on the ethical aspects involved in the monitoring and treatment, in the case of positive laboratory results.\[[@ref5]\] However, the study of demographic, immunologic, and genetic characteristics may contribute to prevent complications and provide future guidelines in the care to these patients.\[[@ref4]\]

This study aimed to investigate the prevalence of autoimmune markers for pancreatitis, thyroiditis, and CDs in children and adolescents with T1DM, through the search of anti-GAD, antithyroglobulin, anti-thyroid peroxidase (anti-TPO), and immunoglobulin A (IgA) anti-transglutaminase (anti-tTG) antibodies.

M[ETHODS]{.smallcaps} {#sec1-2}
=====================

This study was conducted at the Pediatric Endocrinology Service of a Public University Hospital. The study design was a descriptive, cross-sectional type, assessing children and adolescents diagnosed with T1DM. The study was approved by the Research Ethics Committee of the institution, and informed consent was obtained from the patients' parents.

Patients {#sec2-1}
--------

Seventy-one patients, of racially admixture background, mostly Mulattoes from Brazil North-East Region, with T1DM were assessed, corresponding to 100% of the patients monitored in the study period. Patients with total IgA deficiency, neonatal diabetes, and other types of diabetes were excluded.

Anti-glutamic acid decarboxylase antibodies {#sec2-2}
-------------------------------------------

The anti-GAD antibodies were determined by enzyme-linked immunosorbent assay (ELISA) using a commercial kit (Isletest-GAD, Biomerica Inc., Newport Beach, CA, USA). Values \>1.05 U/mL were considered positive, lower than 1.0 U/mL were considered negative, and values between 1.0 and 1.05 U/mL were considered undetermined.

Immunoglobulin A anti-transglutaminase antibodies {#sec2-3}
-------------------------------------------------

Anti-tTG antibodies were screened through time-resolved fluorimetry technique using a commercial kit (PerkinElmer Life and Analytical Sciences Inc., Turku, Finland). Values lower than 8.0 AU were considered negative, between 8.0 and 22.0 AU were considered undetermined, and positive those \>22.0 AU.

Serum immunoglobulin A {#sec2-4}
----------------------

The concentrations of serum IgA were determined by immunoturbidimetry (IGAII 375 test, Siemens, Tarrytown, New York, USA). IgA deficiency was established in patients with serum IgA levels below normal, according to the age range.

Antithyroglobulin antibodies {#sec2-5}
----------------------------

These antibodies were detected by solid-phase sequential immunometric assay with luminous substances in the specific commercial kit (EURO/DPC Ltd., Llanberis, United Kingdom). Levels \>1/200 were considered positive.

Anti-thyroid peroxidase antibodies {#sec2-6}
----------------------------------

Anti-TPO antibodies were detected by solid-phase sequential immunometric assay with luminous substances in the specific commercial kit (EURO/DPC Ltd., Llanberis, United Kingdom). Levels higher than 35 IU/ml were defined as positive.

Statistical analysis {#sec2-7}
--------------------

The data were analyzed by Statistical Program for Social Science software (SPSS, Chicago, IL, USA), version 12.0. The quantitative variables were expressed as a mean and standard deviation and the qualitative variables in contingency tables. Student\'s *t*-test and χ^2^ tests were used to assess the differences between the groups. The level of significance was established as *P* \< 0.05.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

The study sample consisted of 68 patients (51.5%/35 were male). Three patients with IgA deficiency were excluded \[[Table 1](#T1){ref-type="table"}\]. The patient\'s age ranged from 2 to 22 years (11.6 ± 5.1 years), and age at diagnosis of T1DM ranged from 1.6 to 20.7 years (7.78 ± 4.35). The duration of diabetes at the time of data collection was 0.02--9.83 years (3.01 ± 2.57 years).

###### 

Profile of the study patients
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The prevalence of antibodies against autoimmune diseases was anti-GAD (5.9%), anti-tTG IgA (7.4%), anti-TPO (11.8%), and AAT (11.8%) \[[Table 2](#T2){ref-type="table"}\]. Concomitant positivity of anti-TPO and AAT was found in six patients (8.82%) (*P* \< 0.05). One patient had positive anti-GAD and anti-TPO antibodies, and two patients had positive anti-GAD and AAT antibodies. There was no concomitant positivity between anti-tTG and other antibodies. Of the individuals with positive anti-TPO and AAT, three had hypothyroidism (*P* \< 0.05).

###### 

Prevalence of antibodies by gender
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Anti-TPO and AAT antibodies were predominant among females (75% and 62.5%) \[[Table 2](#T2){ref-type="table"}\]. The anti-GAD antibody was more prevalent in males (75%). There was no difference in the positivity of anti-tTG associated to gender.

The positivity of anti-GAD and AAT antibodies was more prevalent in the age group of 10--15 years \[[Table 3](#T3){ref-type="table"}\]. All subjects positive for anti-GAD were older than 10 years. Half of the subjects with positive anti-TPO antibodies were aged 5--10 years. There was no age-related change in anti-tTG.

###### 

Prevalence of antibodies by age range
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The positivity of antibodies was more prevalent in patients with less than six years of disease, except for anti-GAD antibodies \[[Table 4](#T4){ref-type="table"}\].

###### 

Relationship between positivity of antibodies and duration of type 1 diabetes mellitus
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D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

Pancreatic autoimmunity {#sec2-8}
-----------------------

The immune destruction of pancreatic beta cells is associated with various antigens. Antibodies against some of these antigens are used in clinical practice to assist in the diagnosis and classification of diabetes type, as well predictors of the disease.\[[@ref6]\] These include anti-GAD, ICA, anti-tyrosine phosphatase (anti-IA2), anti-insulin (IAA), anti-antigen 2 associated to insulinoma (IA-2), and ZnT8 antibody.\[[@ref6][@ref7]\] The ICA is characteristic of the onset of T1DM\[[@ref8]\] and its serum levels decrease each year after diagnosis.\[[@ref9]\] The ZnT8 comes later than the anti-GAD and IAA.\[[@ref6]\] IAA has a little value after onset of insulin therapy.\[[@ref8][@ref9]\]

Although it is not a genetic marker specific for diabetes, being positive in other diseases,\[[@ref7]\] the anti-GAD is considered the ideal marker for patients who have T1DMA for a long time and are treated with insulin, because it remains positive for many years after diagnosis.\[[@ref8][@ref9]\] The prevalence of anti-GAD increases is higher in older children and with some HLA genotypes.\[[@ref6][@ref10]\] The cell lysis associated with T1DM increases the release of GAD. This may explain the later appearance of anti-GAD compared to ICA.\[[@ref8]\] The presence of anti-GAD 1 month after diagnosis of T1DM is related to the quicker loss of beta cell function.\[[@ref11]\] The persistent positivity of anti-GAD can be used to predict other autoimmune diseases in children with T1DM.\[[@ref12]\]

A study with Brazilian children with T1DM showed the anti-GAD prevalence of 70--80% in newly diagnosed patients and 54.1% in patients more than 12 months of diagnosis.\[[@ref13]\] A more recent study found no difference in anti-GAD prevalence (45.8%) in a comparison of Brazilian children with new-onset or diabetes of longer duration.\[[@ref14]\] Moreira *et al*.\[[@ref15]\] described a prevalence of anti-GAD of 63.8% in patients with T1DM in Southern Brazil. Our study, in contrast with the literature, obtained an anti-GAD prevalence of 5.9%. One explanation for this low value may be the fact that the study population is young, with an average age of 11.64 ± 5.1 years, unlike the population studied by Moreira *et al*.,\[[@ref15]\] where the average age was 27 ± 1.7 years. Another explanation could be the low age range of diagnosis (67.7% of the individuals were under 10 years of age at the time of diagnosis). These controversial data may also be due to the different cutoff values established between laboratories or to other environmental factors that impact the pathogenesis of the disease.\[[@ref16]\] As in our study, Moreira *et al*.\[[@ref15]\] used ELISA assay to determine the levels of anti-GAD, but the biochemical kits and cutoff values were different. Moreover, the study of Moreira *et al*.\[[@ref15]\] was conducted in Southern Brazil where the population is characterized by large European ancestry, which may explain the divergence in prevalence since anti-GAD frequency can vary between the different ethnic groups.

Thyroid autoimmunity {#sec2-9}
--------------------

The prevalence for thyroid autoantibodies in individuals with T1DM varies in different countries and ethnic groups.\[[@ref17]\] It is not known whether these antibodies are directly responsible for the pathogenesis of thyroid disease or are the result of destruction mediated by T-cell infiltration in the thyroid.\[[@ref18]\] However, Ardestani *et al*.\[[@ref19]\] observed that patients with an increase of thyroid-stimulating hormone and autoantibodies progressed more frequently to thyroid disease.

In international studies, the prevalence of anti-TPO and/or AAT in patients with T1DM ranged from de 20--30%.\[[@ref12][@ref20][@ref21]\] Jonsdottir *et al*.\[[@ref18]\] obtained a prevalence of 12.3% for anti-TPO, AAT, or both, shortly after the diagnosis of T1DM. This prevalence is higher in diabetic patients with HLA DQA1\*0301 -- DQB1\*0302\[[@ref22]\] and in women.\[[@ref21]\] However, more recent studies did not find this association between individuals with the haplotype HLA DQA1\*0301--DQB1\*0302 and autoimmune thyroid disease.\[[@ref18]\]

In their study of Brazilians with T1DM, Araujo *et al*.\[[@ref23]\] found a prevalence of anti-TPO of 25.2%, predominantly among females. Rodrigues *et al*.\[[@ref24]\] found prevalence rates for anti-TPO and AAT in 31% and 16% of the patients, respectively. In the study of Nunes *et al*.,\[[@ref25]\] anti-TPO was positive in 25% of the patients.

Our study found prevalence rates of 11.8% for anti-TPO and AAT. The titers of these antibodies were lower than those reported in the literature, which probably occurs due to the wide variation of these antibodies, the low age range of the study population and the short duration of the disease. The comparison of the values of anti-TPO according to gender, regardless of whether these values were above the threshold of positivity, showed higher values for females.

Autoimmunity related to celiac disease {#sec2-10}
--------------------------------------

CD is an autoimmune enteropathy caused by ingestion of gluten in genetically susceptible individuals, which may range from asymptomatic presentation to active intestinal malabsorption syndromes.\[[@ref26][@ref27]\] Several studies demonstrated the greater prevalence of the disease in patients with T1DM.\[[@ref4][@ref28]\] T1DM is usually diagnosed before CD. Only in 10--25% of the cases CD is diagnosed before T1DM.\[[@ref4][@ref5][@ref29]\]

The presence of antibodies for CD is associated with younger age at diagnosis and longer duration of T1DM.\[[@ref4][@ref30]\] The screening for CD is performed by the research of anti-endomysial, anti-gliadin, or anti-tTG IgA human (Ac anti-tTG) antibodies.\[[@ref5][@ref26]\] The anti-tTG antibody has good sensitivity and specificity, occurring in more than 95% of patients with biopsy-proven CD.\[[@ref28]\] The survey of the anti-endomysial antibody has the same accuracy of anti-tTG but is more expensive and observer-dependent, while the research of anti-gliadin antibodies, because they are less sensitive and specific, is not recommended for the screening of CD.\[[@ref5]\] It is advisable to determine the level of serum IgA.\[[@ref31]\] In individuals with deficiency of IgA, survey of anti-tTG IgG, anti-endomysial IgG, or anti-gliadin IGg antibodies can be done.\[[@ref32]\] The patients who have suggestive serological screening should be referred for a biopsy of the small intestine to confirm the diagnosis of CD.\[[@ref4][@ref27][@ref31]\]

There is no consensus in the literature on the management of screening for CD in patients with T1DM.\[[@ref5][@ref26]\] However, since diabetic patients have generally few or no symptoms associated to CD, some studies suggest the screening for CD at the time of diagnosis of T1DM, annually in the first 4 years of the diagnosis and every 2 years in the successive 6 years of follow-up.\[[@ref4][@ref27][@ref29]\]

Van den Driessche *et al*.\[[@ref22]\] described a prevalence of 8--12% for anti-tTG. Djurić *et al*.\[[@ref33]\] showed that 7.4% of the patients with T1DM had anti-tTG. In the studies of Bhadada *et al*.\[[@ref34]\] and Tiberti *et al*.,\[[@ref30]\] the prevalence rates for anti-tTG were 9.2% and 12.8%, respectively.

In Brazilian children with T1DMA, the prevalence of anti-tTG ranged from 2.5% to 15.8%.\[[@ref32][@ref35][@ref36][@ref37]\] A recent Brazilian study reported a prevalence of 3.1% of CD in patients diagnosed with T1DM.\[[@ref5]\] Consistent with these studies, the prevalence of anti-tTG IgA human antibodies in our study was 7%. The diagnosis of CD was confirmed in 4 of the patients with positive anti-tTG antibodies.

Some limitations of our study were the nonpossibility of correlation of serology with clinical findings such as goiter, anthropometry, dyspepsia, and duodenal biopsy findings; and the relationship of antibodies titers with the age of onset and duration of illness.

C[ONCLUSIONS]{.smallcaps} {#sec1-5}
=========================

Brazilian children and adolescents, from a racially admixtured background, mostly Mulattoes have increased the prevalence of antithyroid and CD-related antibodies. The positivity for anti-GAD and antithyroid antibodies was less frequent than in other studies. The prevalence of anti-tTG antibodies was similar to the literature.
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